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SEMICONDUCTOR LASER DEVICE 
AND MANUFACTURING METHOD THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a semiconductor 
laser device that is used for an optical disc and a 
manufacturing method thereof, and more specifically 
concerns a window-structure semiconductor laser device that 
has superior characteristics in its high-output operation 
and a manufacturing method thereof. 

2. Description of the Related Art 

[0002] In recent years, various kinds of semiconductor 
lasers have been widely used as light sources for optical 
disc devices. In particular, high-output semiconductor 
lasers have been used as writing light sources for discs in 
DVD players, DVD-RAM drives and the like, and there have 
been strong demands for higher output semiconductor lasers. 
[0003] One of the factors that limit the developments of 
higher output semiconductor layers is catastrophic optical 
damage (COD) that occurs in an active layer area near a 
laser resonator end face in response to an increase in the 
light output density. 

[0004] The reason for the occurrence of the COD is that 
the active layer area near a laser resonator end face 
serves as an absorbing area for laser light. On the laser 
resonator end face, many non-radiation recombination 
centers, which are referred to as surface states or 
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interface states, exist. Since carriers, which are 
injected into the active layer near the laser resonator end 
face, are lost by the non-radiation recombination, the 
injection carrier density in the active layer near the 
laser resonator end face is smaller in comparison with that 
in the center portion. As a result, with respect to the 
wavelength of the laser light formed by a higher injection 
carrier density in the center portion, the active layer 
area near a laser resonator end face forms an absorbing 
area . 

[0005] When the light-output density becomes higher, 
local heat generation becomes greater in the absorbing area, 
causing a temperature rise and the subsequent reduction in 
band-gap energy. This results in a positive feedback in 
which the absorbing coefficient becomes further greater to 
cause a temperature rise; thus, the temperature of the 
absorbing area near a laser resonator end face finally 
reaches the melting point, causing COD. 

[0006] One of the methods for providing higher outputs 
of a semiconductor laser while improving the COD level has 
been proposed by Japanese Patent Application Laid-Open No. 
Hei 3-208388, and in this method, a window structure, 
formed by disorganizing the active layer, is utilized. 

[0007] With respect to the conventional technique of a 
semiconductor laser having this window structure. Fig. 8 
shows a structural drawing of a semiconductor laser device 
disclosed in Japanese Patent Application Laid-Open No. Hei 



3-208388 . 
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[0008] In Fig. 8, Fig. 8 (a) is a cross-sectional view 
showing a semiconductor laser in an exciting area (active 
area) , and Fig. 8 (b) is a cross-sectional view showing a 
semiconductor laser in an impurity diffusion area (window 
area) . 

[0009] Reference numeral 1001 is an n-type GaAs 
substrate, 1002 is an n-type GaAs buffer layer, 1003 is an 
n-type AlGalnP clad layer, 1004 is an undope GalnP active 
layer, 1005 is a p-type AlGalnP inner clad layer, 1006 is a 
p-type AlGalnP outer clad layer, 1007 is a p-type GaAs cap 
layer, 1008 is an n-type GaAs block layer, 1009 is a p-type 
GaAs contact layer, 1011 is a p-side electrode, and 1012 is 
an n-side electrode. 

[0010] Referring to a process drawing in Fig. 9, the 
following description will discuss a manufacturing method 
of the above-mentioned conventional semiconductor laser 
device. 

[0011] By using a MOVPE method, the following layers are 
successively formed on an n-type GaAs substrate 1001 at a 
growth temperature of 660°C: an n-type GaAs buffer layer 
1002, an n-type AlGalnP clad layer 1003, an undope GalnP 
active layer 1004, a p-type AlGalnP inner clad layer 1005, 
a p-type GalnP etching stop layer, a p-type AlGalnP outer 
clad layer 1006, a p-type GalnP hetero barrier layer and a 
p-type GaAs cap layer 1007. The respective layers 1005 to 
1007 having the p-type conductivity are doped with Zn atoms 
as p-type impurities. 

[0012] As shown in Fig. 9(a), a dielectric film 1013 is 




4 



vapor-deposited on the p-type GaAs cap layer 1007, and 
after forming this layer into a striped pattern by using a 
photolithography method, Zn impurities are diffused therein 
by using a sealed-tube diffusion method in which ZnAs2 is 
applied as an impurity diffusion source. Thus, high 
density Zn atoms are diffused into the undope GalnP active 
layer 1004 within an impurity diffusion area so that band- 
gap energy increases in the active layer. 

[ 0013 ] After a resist stripe mask 1014 has been again 
formed on the dielectric film 1013 and the p-type GaAs cap 
layer 1007 by using a photolithography method as shown in 
Fig. 9(b), the dielectric film 1013, the p-type GaAs cap 
layer 1007, the p-type GalnP hetero barrier layer and the 
p-type AlGalnP outer clad layer 1006 are successively 
removed by using chemical etching processes so that a ridge 
is formed, as shown in Fig. 9(c) . 

[ 0014 ] After the resist stripe mask 1014 has been 
removed as shown in Fig. 9(d), the n-type GaAs block layer 
1008 is allowed to selectively grow by using the dielectric 
film 1013 as a mask through an MOVPE method at a growth 

temperature of 660°C. Thus, an n-type GaAs block layer is 
formed on areas on the outside of the ridge as well as on 
the impurity diffusion area so that a current injection is 
inhibited in these areas . 

[ 0015 ] The dielectric film 1013 is removed, and after a 
p-type GaAs contact layer 1009 has been formed by using the 
MOVPE method at a growth temperature of 660°C, a p-type 
electrode 1011/n-type electrode 1012 is formed, and the 
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wafer is then subjected to cleavage so that a semiconductor 
laser device as shown in Fig. 8 is obtained. In the 
present invention, the term "wafer" refers to the entire 
structure of laminated layers including a substrate and 
respective layers that have been formed thereon through the 
respective manufacturing processes. 

[0016] In a conventional window-structure semiconductor 

laser device, in order to provide energy greater than a 
band-gap energy corresponding to a laser oscillation 
wavelength within the impurity diffusion area (window area) , 
the sealed-tube diffusion method in which ZnAs2, which 
contains Zn atoms having a comparatively large diffusion 
constant in the AlGaInP-based material, is used as the 
impurity diffusion source is adopted so that Zn atoms are 
diffused into the undope GalnP active layer 1004. 

[0017] In the conventional method, however, Zn atoms 
having a comparatively large diffusion coefficient in the 
AlGaInP-based material are used as impurity atoms having 
the second conductivity in the respective layers 1005 to 
1007 serving as exciting areas (active areas) , and also 
used as impurity atoms to be diffused into the undope GalnP 
active layer 1004 in the impurity diffusion area (window 
area) . 

[0018] Consequently, in the case when, with respect to 
the window area formed near the laser resonator end face, 

Zn atoms are diffused into the above-mentioned undope GalnP 
active layer 1004 within the impurity diffusion area 
(window area) so as to make the band-gap energy of the 
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active layer near the light output end face greater than 
the band-gap energy corresponding to the laser oscillation 
wavelength, a large amount of Zn atoms that are the second 
conductive impurity atoms located in the p-type AlGalnP 
inner clad layer 1005 are diffused into the undope GalnP 
active layer 1004 also within the exciting area (active 
area) , with the result that there is an increase in the 
driving current at the time of high output, and the 
resulting degradation in long-term reliability. 

[0019] In the case when the above-mentioned diffusion is 
carried out under conditions which prevent Zn atoms that 
are the second conductive impurity atoms from diffusing 
into the undope GalnP active layer 1004 in the exciting 
area (active area) , the diffusion of Zn atoms to the undope 
GalnP active layer 1004 within the impurity diffusion area 
(window area) becomes insufficient, with the result that 
laser light is absorbed in the area near the end face of 
the resonator. 

[0020] Consequently, COD tends to occur in the active 
layer area near the end face of the resonator, causing a 
reduction in the maximum light output at the time of high- 
output driving and the resulting degradation in long-term 
reliability . 

SUMMARY OF THE INVENTION 
[0021] The present invention is to provide a 
semiconductor laser device that can reduce a driving 
current at the time of high output, and is superior in 
long-term reliability, and a manufacturing method for such 
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a semiconductor laser device. 

[0022] The semiconductor laser device of the present 
invention, which is made from an AlGaInP-based material, 
and has a first clad layer of a first conductivity type, an 
active layer and a second clad layer of a second 
conductivity type that are formed over a semiconductor 
substrate, is arranged so that a portion of the active 
layer in an area near a laser resonator end face has a peak 
wavelength in photoluminescence that is smaller than a peak 
wavelength in photoluminescence in a portion of the active 
layer in a laser resonator inner area, and the second clad 
layer of the second conductivity type located in the area 
near a laser resonator end face contains As atoms. 

BRIEF DESCRIPTION OF THE DRAWING 
[0023] Fig. la is a perspective view that includes a 
light-outgoing end face in a semiconductor laser device 
structure in accordance with a first embodiment of the 
present invention; 

[0024] Fig. lb shows a cross-sectional view of a 

waveguide path taken along line la-Ia' of Fig. la; 

[0025] Fig. Ic shows a cross-sectional view in the layer 

thickness direction taken along line Ib-Ib' of Fig. la; 

[0026] Figs. 2a to 2f show explanatory drawings of a 
manufacturing method of the semiconductor laser element in 
accordance with the first embodiment of the present 
invention; 

[0027] Fig. 3 is a drawing that shows a distribution of 
As atoms in the depth direction in an area near a laser 




8 



resonator end face and a laser resonator inner area of the 
semiconductor laser element in accordance with the first 
embodiment of the present invention; 

[0028] Fig. 4 is a drawing that shows a distribution of 
Be atoms in the depth direction in an area near a laser 
resonator end face and a laser resonator inner area inside 
a ridge of the semiconductor laser element in accordance 
with the first embodiment of the present invention; 

[0029] Fig. 5 is a drawing that shows a relationship 
between an As atom concentration and a wavelength shift in 
the window area with respect to the wavelength of the 
active area in the p-type Al^Gayln^P second clad layer 105 
in the area near the laser resonator end face in the 
manufacturing method of the semiconductor laser device in 
accordance with a second embodiment of the present 
invention; 

[0030] Fig. 6a is a perspective view that includes a 
light-outgoing end face in a semiconductor laser device 
structure in accordance with a fourth embodiment of the 
present invention; 

[0031] Fig. 6b shows a cross-sectional view of a 

waveguide path taken along line la-Ia' of Fig. 6a; 

[0032] Fig. 6c shows a cross-sectional view in the layer 

thickness direction taken along line Ib-Ib' of Fig. 6a; 

[0033] Figs. 7a to 7e show explanatory drawings of a 
manufacturing method for the semiconductor laser element in 
accordance with the fourth embodiment of the present 
invention; 




9 



[0034] Figs. 8a and 8b are schematic cross-sectional 
views that show a structure of a prior-art semiconductor 
laser device; and 

[0035] Figs. 9a to 9d are explanatory drawings that show 
a manufacturing method of the prior-art semiconductor laser 
device . 

DETAILED DESCRIPTION OF THE INVENTION 
[0036] The present invention relates to a semiconductor 
laser device, which is made from an AlGaInP-based material, 
comprising : 

a first clad layer of a first conductivity type, an 
active layer and a second clad layer of a second 
conductivity type that are formed on a semiconductor 
substrate, 

wherein a portion of said active layer in an area near 
a laser resonator end face has a peak wavelength in 
photoliaminescence that is smaller than a peak wavelength in 
photoluminescence in a portion of said active layer in a 
laser resonator inner area, and the second clad layer of 
the second conductivity type located in the area near a 
laser resonator end face contains As atoms . 

[0037] With the above-mentioned structure, even in the 
case when the heating temperature of the wafer is lowered 
with the heating time being shortened, in an attempt to 
prevent the second conductive impurity atoms in the laser 
resonator inner area from being diffused into the active 
layer, the second conductive impurity atoms, contained in 
the second clad layer of the second conductivity type, are 
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diffused into the area near the laser resonator end face in 
an accelerating manner so that it becomes possible to 
disorganize the active layer in the area near the laser 
resonator end face, and consequently to make the peak 
wavelength in photoluminescence of the active layer (window 
area) in the area near the laser resonator end face smaller 
than the peak wavelength in photoluminescence of the active 
layer (active area) in the laser resonator inner area. 
Consequently, since an absorbing area for the wavelength of 
laser light is not formed in the area near the laser 
resonator end face, it becomes possible to provide a 
semiconductor laser device which is superior in the long- 
term reliability at the time of high-output driving 
operations, and free from COD. 

[0038] In the present invention, the AlGaInP-based 

maternal refers to Gayln^P (in which y and z are 
respectively from not less than 0 to not more than 1) and 
AljjGayln^P (x, y and z are respectively from not less than 0 
to not more than 1) . In the present invention, the clad 
layer and the active layer are formed by appropriately 
using the AlGaInP-based material. 

[0039] The semiconductor substrate to be used in the 
laser device of the present invention is a semiconductor 
substrate of III-V group compounds such as GaAs and InP, 
and GaAs is preferably used from the viewpoint of easiness 
in lattice matching with the AlGaInP-based material. 

[0040] In the present specification, the first 
conductivity type refers to the conductivity type of n-type 
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or p-type, which is formed between the above-mentioned 
substrate and the active layer. The second conductivity 
type refers to the conductivity type of n-type or p-type, 
which is formed on the active layer on the side opposite to 
the substrate. In the case when the first conductivity 
type is the n-type, the second conductivity type is the p- 
type. The present invention is preferably applied to an 
element having a structure in which the first conductivity 
type is the n-type and the second conductivity type is the 
p-type from the viewpoint of current constriction (current 
blocking) over the active layer. 

[0041] In the present invention, the area near the laser 
resonator end face refers to the semiconductor substrate 
and the respective layers formed over the semiconductor 
substrate in the vicinity of the laser resonator end face 
from which laser light is released, and the laser resonator 
inner area refers to the semiconductor substrate and the 
respective layers formed over the semiconductor substrate 
in areas other than the area near the laser resonator end 
face, and the sizes of the peak wavelength in 
photoluminescence in the active layer in the area near the 
laser resonator end face and the peak wavelength in 
photoluminescence in the active layer in the inner area of 
the laser resonator are compared with each other based upon 
a photoluminescence method (PL method) . 

[0042] In the semiconductor laser device of the present 

invention, the second clad layer of the second conductivity 
type in the area near the laser resonator end face is 
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allowed to contain As atoms at a concentration in a range 
from not less than 1 x 10^®cm“^ to not more than 1 x 10^°cm'^, 
preferably from not less than 5 x 10^®cm"^ to not more than 
5 X lO^^cm'^, and the As atom concentration in the second 
clad layer of the second conductivity type in the area near 
the laser resonator end face is set to be higher than the 
As atom concentration in the second clad layer of the 
second conductivity type in the laser resonator inner area. 
[0043] With the above-mentioned arrangement, in the 
process for disorganizing the active layer in the area near 
the laser resonator end face, it is possible to prevent the 
second conductive impurity atoms from being diffused into 
the active layer in the laser resonator inner area, in 
comparison with the area near the laser resonator end face, 
and consequently to obtain a semiconductor laser device 
which can reduce the driving current at the time of high 
output . 

[0044] In the semiconductor laser device of the present 
invention, the As atom concentration in the. second clad 
layer of the second conductivity type in the area near the 
laser resonator end face is preferably set in a range from 
not less than 1 x 10^®cm"^ to not more than 1 x 10^°cm'®, 
preferably from not less than 5 x 10^®cm"® to not more than 
5 X 10^®cm’®. 

[0045] With the above-mentioned arrangement, the second 
conductive impurity atoms contained in the second clad 
layer of the second conductivity type in the area near the 
laser resonator end face can be diffused in an accelerated 
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manner, and it is possible to prevent transformation into 
an InGaAsP-based MQW active layer in which the peak 
wavelength in photoluminescence is extremely great; 
therefore, it becomes possible to make the peak wavelength 
in photoluminescence in the active layer (window area) in 
the area near the laser resonator end face sufficiently 
smaller than the peak wavelength in photoluminescence in 
the active layer (active area) in the laser resonator inner 
area. Consequently, since an absorbing area for the 
wavelength of laser light is not formed in the area near 
the laser resonator end face, it becomes possible to 
provide a semiconductor laser device which is superior in 
the long-term reliability at the time of high-output 
driving operations, and free from COD. 

[0046] In the semiconductor laser device of the present 
invention, impurity atoms having the second conductivity, 
contained in the second clad layer of the second 
conductivity type in the area near a laser resonator end 
face, are preferably the same as impurity atoms having the 
second conductivity contained in the second clad layer of 
the second conductivity type in the laser resonator inner 
area. With respect to the impurities having the second 
conductivity, in the case of the p-type, examples thereof 
include Il-group atoms, such as Be, Zn and Mg, preferably 
Be atoms are used, and in the case of the n-type, examples 
thereof include Si and Se atoms. 

[0047] In the case when impurity atoms having the second 
conductivity, contained in the second clad layer of the 
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second conductivity type in the laser resonator inner area, 
are Be while impurities having the second conductivity 
contained in the second clad layer of the second 
conductivity type in the vicinity of the laser resonator 
end face are Zn and Be, Zn atoms are diffused at the time 
of forming the window area. With this arrangement, since 
the impurity atoms having the second conductivity to be 
diffusion-controlled in the active layer are limited to 
only one kind, it becomes possible to prevent the impurity 
atoms having the second conductivity from being diffused 
into the active layer in the laser resonator inner area and 
also to easily control the peak wavelength in 
photoluminescence in the active layer (window area) in the 
area near the laser resonator end face. As a result, it 
becomes possible to improve the long-term reliability at 
the time of high output and also to reduce the driving 
current with ease. 

[0048] In the semiconductor laser device of the present 

invention, impurity atoms having the second conductivity, 
contained in the second clad layer of the second 
conductivity type in the area near the laser resonator end 
face as well as in the laser resonator inner area, are 
preferably prepared as Il-group atoms having a mass number 
smaller than the mass number of P atom. With respect to 
the Il-group atoms, examples thereof include Be and Mg , 
preferably Be. 

[0049] With respect to the diffusion constant of the Il- 
group atoms having a mass number smaller than the mass 
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number of P atoms, the diffusion constant is greatly 
increased by allowing the AlGaInP-based material to contain 
As atoms; therefore, even in the case when the heating 
temperature of the wafer is lowered and the heating time 
thereof is shortened, the above-mentioned arrangement makes 
it possible to disorganize the active layer in the area 
near the laser resonator end face, and also to make the 
peak wavelength in photoliaminescence of the active layer 
(window area) in the area near the laser resonator end face 
smaller than the peak wavelength in photoluminescence of 
the active layer (active area) in the laser resonator inner 
area. As a result, since an absorbing area for the 
wavelength of laser light is not formed in the area near 
the laser resonator end face, it becomes possible to 
provide a semiconductor laser device which is superior in 
the long-term reliability at the time of high-output 
driving operations, and free from COD. 

[0050] In the case when Be atoms are applied as the II- 
group atoms having a mass number smaller than the mass 
number of P atom, since Be atoms have a small diffusion 
constant in the AlGalnP material and also have a great 
diffusion constant in the AlGalnP material containing As 
atoms, it is possible to disorganize the active layer in 
the area near the laser resonator end face, and also to 
simultaneously suppress Be atoms from being diffused into 
the active layer in the laser resonator inner area; thus, 
it becomes possible to reduce the driving current at the 
time of high output, and consequently to provide a 
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semiconductor laser device which is superior in the long- 
term reliability at the time of high-output driving 
operations, and free from COD. 

[0051] In the semiconductor laser device of the present 
invention, impurity atoms having the second conductivity, 
contained in the second clad layer of the second 
conductivity type in the area near the laser resonator end 
face as well as in the laser resonator inner area, are 
preferably allowed to have a concentration in a range from 
not less than 1 x 10^®cm'^ to not more than 5 x 10^®cm'^. 

[0052] With the above-mentioned arrangement, in the area 
near the laser resonator end face, the impurity atoms 
having the second conductivity, contained in the second 
clad layer of the second conductivity, are sufficiently 
diffused into the active layer, and in the laser resonator 
inner area, it is possible to suppress the impurity atoms 
having the second conductivity, contained in the second 
clad layer of the second conductivity type, from being 
diffused into the active layer; therefore, it becomes 
possible to reduce the driving current at the time of high 
output, and consequently to provide a semiconductor laser 
device which is superior in the long-term reliability at 
the time of high-output driving operations, and free from 
COD. 

[0053] The semiconductor laser device of the present 
invention is preferably arranged so that a GaAs contact 
layer of the second conductivity type is placed over the 
second clad layer of the second conductivity type in the 
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area near a laser resonator end face and the laser 
resonator inner area, and a GalnP intermediate layer is 
placed between the second clad layer of the second 
conductivity type and the GaAs contact layer of the second 
conductivity type in the laser resonator inner area.. 

[0054] With the above-mentioned arrangement, a 
difference in the band-gap energy occurs between the second 
clad layer of the second conductivity type and the GaAs 
contact layer of the second conductivity type in the area 
near the laser resonator end face, making it possible to 
prevent the current injection to the window area, to 
suppress carrier loss in the window area, and also to 
reduce reactive current that does not contribute to light 
emission; thus, it becomes possible to reduce the driving 
current at the time of high output, and consequently to 
provide a semiconductor laser device which is superior in 
the long-term reliability at the time of high-output 
driving operations. 

[0055] The semiconductor laser device of the present 
invention is preferably arranged so that a GaAs current 
non-injection layer of the first conductivity type is 
formed over the second clad layer of the second 
conductivity type in the area near a laser resonator end 
face . 

[0056] With the above-mentioned arrangement, the GaAs 
current non-injection layer serves as an As atom diffusion 
source to the second clad layer of the second conductivity 
type in the area near the laser resonator end face, making 
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it possible to prevent the current injection to the window 
area, to suppress carrier loss in the window area, and also 
to reduce reactive current that does not contribute to 
light emission; thus, it becomes possible to reduce the 
driving current at the time of high output, and 
consequently to provide a semiconductor laser device which 
is superior in the long-term reliability at the time of 
high-output driving operations. 

[0057] The semiconductor laser device of the present 
invention is manufactured through the processes of: 
allowing a laminated-layer structure that is made from an 
AlGaInP-based material and contains a first clad layer of a 
first conductivity type, an active layer and a second clad 
layer of a second conductivity type to grow over a 
semiconductor substrate; diffusing As atoms in the second 
clad layer of the second conductivity type in an area near 
a laser resonator end face; and diffusing impurity atoms 
having the second conductivity contained in the second clad 
layer of the second conductivity type in an area near a 
laser resonator end face into an active layer so that a 
portion of the active layer in the area near a laser 
resonator end face has a peak wavelength in 

photoluminescence that is smaller than a peak wavelength in 
photoluminescence in a portion of the active layer in the 
laser resonator inner area. 

[0058] By using the above-mentioned manufacturing 
processes, the second conductive impurity atoms are 
diffused into the area near the laser resonator end face in 
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an accelerating manner so that it is possible to decrease 
the heating temperature of a wafer and also to shorten the 
heating time. Consequently, it becomes possible to make 
the peak wavelength in photolixminescence of the active 
layer in the area near the laser resonator end face 
sufficiently smaller than the peak wavelength in 
photoluminescence of the active layer in the laser 
resonator inner area. It also becomes possible to suppress 
the impurity atoms having the second conductivity located 
in the second clad layer of the second conductivity type in 
the laser resonator inner area from being diffused into the 
active layer; thus, it becomes possible to reduce the 
driving current at the time of high output, and 
consequently to provide a semiconductor laser device which 
is superior in the long-term reliability at the time of 
high-output driving operations,, and free from COD. 

[0059] In the manufacturing method of the semiconductor 

laser device of the present invention, the process of 
diffusing As atoms in the second clad layer of the second 
conductivity type in the area near a laser resonator end 
face is provided with the processes of: irradiating the 
area near a laser resonator end face of the wafer with 
ionized As atoms; and heating the wafer. 

[0060] By using the above-mentioned process, the second 
clad layer of the second conductivity type in the area near 
the laser resonator end face is allowed to contain As atoms, 
with the result that even when the heating temperature of 
the wafer is lowered and the heating time thereof is 
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shortened, it is possible to make the peak wavelength in 
photoluminescence in the active layer in the area near the 
laser resonator end face sufficiently smaller than the peak 
wavelength in photoluminescence in the active layer in the 
laser resonator inner area. As a result, it becomes 
possible to provide a semiconductor laser device which is 
superior in the long-term reliability at the time of high- 
output driving operations, and free from COD. 

[0061] In the manufacturing method of the semiconductor 
laser device of the present invention, the process of 
heating the wafer is compatibly carried out by a process of 
forming a current block layer of the first conductivity 
type. 

[0062] By using the above-mentioned process, the second 
clad layer of the second conductivity type in the area near 
the laser resonator end face is allowed to contain As atoms, 
simultaneously as the side face of the ridge of the 
semiconductor laser device is buried with a current 
blocking layer of the first conductivity type, so that the 
manufacturing processes can be simplified. It is possible 
to make the peak wavelength in photoluminescence in the 
active layer in the area near the laser resonator end face 
sufficiently smaller than the peak wavelength in 
photoluminescence in the active layer in the laser 
resonator inner area, and consequently to provide a 
semiconductor laser device which is superior in the long- 
term reliability at the time of high-output driving 
operations, and free from COD. 
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[0063] The manufacturing method of the semiconductor 
laser device of the present invention, the process of 
heating the wafer is compatibly carried out by the process 
of forming a GaAs current non-injection layer of the first 
conductivity type over the second clad layer of the second 
conductivity type in the area near a laser resonator end 
face . 

[0064] By using the above-mentioned process, the second 
clad layer of the second conductivity type in the area near 
the laser resonator end face is allowed to have As atoms at 
a high concentration, with the result that even when the 
heating temperature of the wafer is lowered and the heating 
time thereof is shortened, it is possible to make the peak 
wavelength in photoluminescence in the active layer in the 
area near the laser resonator end face sufficiently smaller 
than the peak wavelength in photoluminescence in the active 
layer in the laser resonator inner area, and consequently 
to provide a semiconductor laser device which is superior 
in the long-term reliability at the time of high-output 
driving operations, and free from COD. 

[0065] In the manufacturing method of the semiconductor 

laser device of the present invention, the process of 
diffusing impurity atoms having the second conductivity 
contained in the second clad layer of the second 
conductivity type in an area near a laser resonator end 
face of a wafer into an active layer so that the active 
layer is allowed to have a smaller peak wavelength in 
photoluminescence in an area near a laser resonator end 
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face than a peak wavelength in photoluminescence in an 
laser resonator inner area is compatibly carried out by a 
step of forming a GaAs contact layer of the second 
conductivity type. 

[0066] By using the above-mentioned process, the 
impurity atoms (Be atoms) having the second conductivity, 
contained in the second clad layer of the second 
conductivity type in the area near the laser resonator end 
face, can be diffused into the active layer in the area 
near the laser resonator end face so that the peak 
wavelength in photoluminescence in the active layer in the 
area near the laser resonator end face is made sufficiently 
smaller than the peak wavelength in photoluminescence in 
the active layer in the laser resonator inner area; thus, 
it is becomes possible to provide a semiconductor laser 
device which is superior in the long-term reliability at 
the time of high-output driving operations, and free from 
COD. 

[0067] In the manufacturing method of the semiconductor 

laser device of the present invention, the process of 
diffusing impurity atoms having the second conductivity 
contained in the second clad layer of the second 
conductivity type in the area near a laser resonator end 
face into an active layer so that the active layer is 
allowed to have a smaller peak wavelength in 
photoluminescence in an area near a laser resonator end 
face than a peak wavelength in photoluminescence in an 
laser resonator inner area is carried out by a molecular 
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beam epitaxy (MBE) method. 

<First Embodiment> 

[ 0068 ] Fig. 1 is an explanatory drawing that shows a 

structure of a semiconductor laser device in accordance 
with the first embodiment of the present invention. In Fig. 
1, Fig. 1 (a) shows a perspective view including a light- 
outgoing end face. Fig. 1 (b) shows a cross-sectional view 
of a waveguide path in the layer thickness direction, taken 
along line la-Ia' of Fig. 1(a), and Fig. 1(c) shows a 
cross-sectional view in the layer thickness direction taken 
along line Ib-Ib' of Fig. 1(b) . Reference numeral 101 is 
an n-type GaAs substrate, 102 is an n-type Gayln^P buffer 
layer (in which y and z are respectively set from not less 
than 0 to not more than 1; hereinafter, this description is 
omitted) , 103 is an n-type Al^Gayln^P first clad layer (x, y 

and z are respectively set from not less than 0 to not more 
than 1; hereinafter, this description is omitted), 104 is 
an active layer (MQW active layer) in which a multiplex 
quantum well structure, formed by alternately stacking 
barrier layers and well layers, is sandwiched by light 
guide layers, 105 is a p-type Al^GSyln^P second clad layer, 
106 is a p-type etching stop layer, 107 is a p-type 
AljjGayln^P third clad layer of ridge stripes aligned in the 
resonator direction, 108 is a p-type Gayln^P intermediate 
layer, 109 is an n-type Al^In^P (in which x and z are 
respectively set from not less than 0 to not more than 1; 
hereinafter, this description is omitted) current block 
(constriction) layer that is formed in a manner so as to 
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bury the side faces of the p-type Al^Gayln^P third clad 
layer of ridge stripe, 110 is a p-type GaAs contact layer, 
111 is a p-side electrode and 112 is an n-side electrode. 
[ 0069 ] In Fig. 1, reference numeral 104A is an MQW 
active layer (active area) inside a laser resonator, 104B 
is an area (window area) in which the peak wavelength in 
photoluminescence in the MQW active layer near a laser 
resonator end face is smaller than the peak wavelength in 
photoluminescence in the MQW active layer 104A inside the 
laser resonator, 113 is a current non-injection area from 
which the p-type Gayln^P intermediate layer has been 
removed, 114 is a striped ridge consisting of the p-type 
AljjGayln^P third clad layer 107 and the p-type Gayln^P 
intermediate layer 108. The MQW active layer 104 is 
constituted by laminated layer structure of a well layer 
Gayln^P (y = 0.51, z = 0.49) (layer thickness 50A) and a 
barrier layer Al^Gayln^P (x = 0.26, y = 0.25, z = 0.49) 

(layer thickness 50A) , the number of the well layers being 
four . 

[ 0070 ] Referring to Fig. 2, the following description 
will discuss the manufacturing method. On the n-type GaAs 
substrate 101 (carrier concentration 2 x 10^®cm“^) , the 
following layers are successively formed by a molecular 
beam epitaxy (MBE) method (see Fig. 2(a)) : the n-type 
Gayln^P buffer layer 102 (carrier concentration 1 x 10^®cm'^) 
(y = 0.51, z = 0.49) (layer thickness about 0.2 pm), the n- 
type Alj^Gayln^P first clad layer 103 (carrier concentration 
1 X 10^®cm"^) (x = 0.36, y = 0.15, z = 0.49) (layer 
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thickness about 2 |xni) , the MQW active layer 104, the p-type 
Al^Gayln^P second clad layer 105 (x = 0.36, y = 0.15, z = 
0.49) (layer thickness about 0.2 |oiti) , the p-type etching 
stop layer 106, the p-type Alj^Gayln^P third clad layer 107 
(carrier concentration 2 x 10^®citi"^) (x = 0.36, y = 0.15, z 
= 0.49) (layer thickness 1.2 fxm) and the p-type Gayln^P 
intermediate layer 108 (carrier concentration 1 x 10^®cm'®) 

(y = 0.51, z = 0.49) (layer thickness about 0.05 |om) . At 
this time. Si atoms are contained in the respective layers 
101 to 103, and Be atoms, which are Il-group atoms having 
the p-type conductivity, are contained in the respective 
layers 105 to 108. 

[0071] By using a known photolithography technique, a 
striped Si 02 mask 115 (layer thickness 2000A) having a 

width of 740 |om is formed on the surface of the p-type 
Gayln^P intermediate layer 108 in the inner area of a laser 
resonator in a direction orthogonal to the ridge stripe 
(Fig. 2(b)) . The Si02 mask 115 is formed so as to prevent 
the laser resonator inner area from being irradiated with 
ionized As atoms. 

[0072] Thereafter, the surface of the p-type Gayln^P 
intermediate layer 108, which forms an area near a laser 
resonator end face, is irradiated with ionized As atoms. 
Thus, an As atom diffusion source is formed in the vicinity 
of a wafer surface in the area near a laser resonator end 
face . 

[0073] The Si02 mask 115, formed on the surface of the 
p-type Gayln^P intermediate layer 108 in the laser 
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resonator inner area, is removed, and a striped resist mask 
116 extending in a direction perpendicular to the laser 
resonator end face is then formed on the p-type Gayln^P 
intermediate layer 108; thus, by using a known etching 
technique, the p-type Gayln^P intermediate layer 108 and 
the p-type Al^Gayln^P third clad layer 107 are formed into a 
ridge 114 having a striped form with a width of about 3 ^im 
in a manner so as to reach the p-type etching stop layer 
106 (Fig. 2 (c) ) . 

[0074] The striped resist mask 116, formed on the p-type 
GSyln^P intermediate layer 108, is removed;, thereafter, 
under conditions of a growth temperature of 500°C with a 
growth time of 2 hours, the second MBE process is carried 
out so that side faces of the ridge 114 formed of the p- 
type Al^Gayln^P third clad layer 107 and the p-type Gayln^P 
intermediate layer 108 are buried with an n-type Al^In^P 
current block layer 109. At this time, in the area near 
the laser resonator end face on which the As atom diffusion 
source has been formed. As atoms are diffused into (up to) 
the p-type Al^^Gayln^P second clad layer 105 (Fig. 2 (d) ) . 
[0075] The distribution in the depth direction of As 
atoms in the area near the laser resonator end face as well 
as in the laser resonator inner area inside the ridge 114 
made of the p-type Al^Gayln^P third clad layer 107 and the 
p-type Gayln^P intermediate layer 108 was measured by a 
secondary ion mass spectrometer (SIMS) . 

[0076] The test results are shown in Fig. 3. The axis 
of ordinates of Fig. 3 indicates the As atom concentration 
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(cm , and the axis of abscissas thereof indicates the 

depth (|im) from the p-type Gayln^P intermediate layer 108. 

In Fig. 3 , the broken line indicates the distribution of As 
atoms in the depth direction within the laser resonator 
inner area, and the solid line indicates the distribution 
thereof in the area near the laser resonator end face. 

[0077] As shown in Fig. 3, As atoms exist in the 
respective layers 105 to 108 in the area near the laser 
resonator end face, and As atom concentrations in the 
respective layers 105 to 108 in the area near the laser 
resonator end face are higher in comparison with those in 
the respective layers 105 to 108 in the laser resonator 
inner area. 

[0078] Based upon these facts, it is clear that the 
application of the above-mentioned manufacturing method in 
which the surface of the p-type Gayln^P intermediate layer 
108 that forms the area near the laser resonator end face 
is irradiated with ionized As atoms, and the second MBE 
growth process is then carried out so that the side faces 
of the ridge 114 are then buried with the n-type Al^In^P 
current block layer 109 makes it possible to diffuse As 
atoms in the p-type Al^Gayln^P second clad layer 105 that 
forms the second clad layer of the second conductivity type 
in the area near the laser resonator end face as well as in 
the p-type Al^GSyln^P third clad layer 107. 

[0079] It is also clear that the application of the 

above-mentioned manufacturing method makes it possible to 
provide a higher concentration of As atoms in the p-type 
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AlxGayln^P second clad layer 105 that forms the second clad 
layer of the second conductivity type in the area near the 
laser resonator end face as well as in the p-type Al^Gayln^P 
third clad layer 107, in comparison with the concentration 
of As atoms in the laser resonator inner area. 

[0080] With respect to one portion of the wafer that has 
been subjected to the second MBE growth, the respective 
wavelengths of the MQW active layer (window area) 104B in 
the area near the laser resonator end face and the MQW 
active layer (active area) 104A of the laser resonator 
inner area were measured by a PL method. As a result, in 
this state, the light-emission spectrum from the window 
area 104B has no wavelength shift with respect to the 
light-emission spectrum from the active area 104A. 

[0081] Thereafter, by using a Icnown photolithography 
technique, a resist mask is formed on the surface of the n- 
type Al^In^P current block layer 109 formed on the side 
faces of the ridge 114, and the n-type Al^In^P current 
block layer 109 formed on the ridge 114 of the resist mask 
opening section is selectively removed by using a known 
etching technique. 

[0082] After the resist mask formed on the n-type 
Al^In^P current block layer 109 has been removed, a resist 

mask 118 having a width of 740 |im is again formed in the 
laser resonator inner area by using a known 
photolithography technique, and the p-type Gayln^P 
intermediate layer 108 on the opening section of resist 
mask 118 is selectively removed (Fig. 2(e)). 
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[0083] The opening section of the resist mask 118 is 
formed right above the MQW active layer (window area) 104B 
in the area near the laser resonator end face. With this 
arrangement, a difference in band-gap energy is generated 
between the p-type Al^Gayln^P third clad layer 107 in. the 
area near the laser resonator end face and the p-type GaAs 
contact layer 110 so that a current non-injection area 113 
is formed. Since the current non-injection area 113 formed 
through the above-mentioned processes is located right 
above the window area 104B, it becomes possible to prevent 
a current injection into the window area, and consequently 
to reduce a reactive current that does not contribute to 
light emission. 

[0084] Thereafter, the resist mask 118 formed on the 
laser resonator inner area is removed, and under conditions 

of a growth temperature of 600°C and a growth time of 2 
hours, the third MBE process is carried out so that a p- 
type GaAs contact layer 110 is formed (Fig. 2(f)). 

[0085] Fig. 4 shows the distribution of Be atoms in the 
depth direction in the area near the laser resonator end 
face and the laser resonator inner area inside the ridge 
114 of the semiconductor laser device of the present 
embodiment obtained through the above-mentioned 
manufacturing method. 

[0086] The distribution in the depth direction of Be 

atoms shown in Fig. 4 is based on the results of 
measurements by a secondary ion mass spectrometer (SIMS) . 

In Fig. 4, the axis of ordinates indicates the Be atom 
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concentration (cm , and the axis of abscissas thereof 

indicates the depth (pm) from the p-type Gayln^P 
intermediate layer 108. In Fig. 4, the broken line 
indicates the distribution of Be atoms in the depth 
direction within the laser resonator inner area, and the 
solid line indicates the distribution thereof in the area 
near the laser resonator end face. 

[0087] As shown in Fig. 4, there is no diffusion of Be 
atoms into the MQW active layer (active area) in the laser 
resonator inner area. In the MQW active layer (window 
area) 104B in the area near the laser resonator end face. 

Be atoms diffused from the respective layers 105 to 108 
exist . 

[0088] With respect to one portion of the wafer that has 
been subjected to the third MBE growth by using the 
manufacturing method of the semiconductor laser device of 
the present embodiment, the respective wavelengths of the 
MQW active layer (window area) 104B in the area near the 
laser resonator end face and the MQW active layer (active 
area) 104A of the laser resonator inner area were measured 
by a photoluminescence (PL) method. 

[0089] As a result, in the case when the manufacturing 
method of the semiconductor laser device of the present 
embodiment, the light-emission spectrum from the window 
area 104B has a wavelength shift of 40 nm toward the short- 
wavelength side Of the light-emission spectrum from the 
active area 104A. 

[0090] The reason for this is explained as follows: 
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since the impurity atoms having the second conductivity 
type, contained in the p-type Al^Gayln^P second clad layer 
105 that forms the second clad layer of the second 
conductivity type in the area near the laser resonator end 
face and the laser resonator inner area, as well as in the 
p-type Al^GSyln^P third clad layer 107, are Il-group atoms 
having a mass number smaller than the mass n\imber of P atom, 
the diffusion constant of the Il-group atoms having a mass 
number smaller than the mass number of P atom is greatly 
increased by allowing the p-type Al^Gayln^P second clad 
layer 105 that forms the second clad layer of the second 
conductivity type and the p-type Al^Gayln^P third clad layer 
107 to contain As atoms; thus, by heating the wafer during 
the third MBE growth, it is possible to make the peak 
wavelength in photoluminescence of the MQW active layer 
(window area) 104B in the area near the laser resonator end 
face sufficiently smaller than the peak wavelength in 
photoluminescence of the MQW active layer (active area) 

104A in the laser resonator inner area. 

[ 0091 ] A p-electrode 111 is formed on the top face 
thereof, and an n-electrode 112 is formed on the bottom 
face thereof. 

[ 0092 ] A scribe line is formed virtually in the center 
of the area near the laser resonator end face having a 
width of 60 |jm so that it is divided into bars with the 
length of the resonator, and light-outgoing faces on both 
of the sides of each bar are finally coated with reflection 
layers; further, this is divided into chips so that a 
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semiconductor laser device having a window area of about 30 
|im and a current non-injection area formed on the laser 
resonator end face of a resonator having a length of 800 jam 
is manufactured. 

[0093] The characteristics of the semiconductor laser 
device obtained by the manufacturing method of the present 
embodiment were measured. 

[0094] For comparison, the characteristics of a prior 
art semiconductor laser device that was formed by diffusing 
Zn atoms up to the mid way of the n-type Al^Gayln^P first 
clad layer 103 in the area near the laser resonator end 
face in the manufacturing method of the present invention 
were also measured simultaneously. 

[0095] The results show that the oscillating frequency 
(X) at CWSOmW of the semiconductor laser device of the 
present embodiment and the prior-art semiconductor laser 
device is 655 nm, the driving current (lop) at CW50mW of 
the semiconductor laser device of the present embodiment is 
100 mA and the driving current (lop) at CW50mW of the 
prior-art semiconductor laser device is 130 mA. 

[0096] As the results of maximum light output tests, the 
semiconductor laser devices of the present invention and 
the prior art were found to be free from COD even at a 
light output of not less than 300 mW. When these were 
subjected to reliability tests of 50 mW at 70°C, the 
average service life of the semiconductor laser device of 
the present embodiment was improved to about 5,000 hours, 
as compared with the average service life of 1,000 hours in 




33 



the prior-art semiconductor laser device. 

[0097] As described above, it is clear that the 
semiconductor laser device of the present embodiment makes 
it possible to reduce the driving current and also to 
improve the long-term reliability. 

[0098] In the semiconductor laser device of the present 

embodiment in which As atoms are contained in the second 
clad layers of the second conductivity type in the area 
near the laser resonator end face (the p-type Al^Gayln^P 
second clad layer 105 and the p-type Al^Gayln^P third clad 
layer 107) , even when the heating temperature (anneal 
temperature) of the wafer is lowered and the heating time 
(anneal time) thereof is shortened so as to prevent the 
impurity atoms (Be atoms) having the second conductivity in 
the laser resonator inner area from being diffused into the 
active layer, the impurity atoms (Be atoms) having the 
second conductivity, contained in the second clad layers 
105, 107 of the second conductivity type, are diffused in 

an accelerating manner in the area near the laser resonator 
end face; therefore, it becomes possible to disorganize the 
active layer in the area near the laser resonator end face, 
and consequently to make the peak wavelength in 
photoluminescence of the active layer (window area 104B) in 
the area near the laser resonator end face smaller than the 
peak wavelength in photoluminescence of the active layer 
(active area 104A) in the laser resonator inner area. 

[0099] Consequently, an absorbing area for the 
wavelength of laser light is not formed in the vicinity of 
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the laser resonator end face so that it becomes possible to 
provide a semiconductor laser device that is free from COD 
and has improved long-term reliability in high-output 
driving operations. 

[ 0100 ] In the semiconductor laser device of the present 
invention in which the As atom concentration in the second 
clad layers of the second conductivity type (the p-type 
Al^Gayln^P second clad layer 105 and the p-type AljjGayln^P 
third clad layer 107) in the area near the laser resonator 
end face is set to a higher level in comparison with the As 
atom concentration in the second clad layers 105, 107 of 

the second conductivity type in the laser resonator inner 
area, with respect to the process of disorganizing the 
active layer in the area near the laser resonator end face, 
it is possible to suppress the impurity atoms (Be atoms) 
having the second conductivity from being diffused into the 
active layer (active area 104A) in the resonator inner area 
in comparison with the area near the laser resonator end 
face; therefore, it becomes possible to reduce the driving 
current at the time of high-output operations. 

[ 0101 ] In the semiconductor laser device of the present 
invention in which the impurity atoms (Be atoms) having the 
second conductivity, contained in the second clad layers of 
the second conductivity type (the p-type Al^Gayln^P second 
clad layer 105 and the p-type Al^Gayln^P third clad layer 
107) in the area near the laser resonator end face are the 
same as impurity atoms (Be atoms) having the second 
conductivity, contained in the second clad layers of the 
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second conductivity (the p-type Al^GSyln^P second clad layer 
105 and the p-type Al^Gayln^P third clad layer 107) in the 
laser resonator inner area, since the impurity atoms having 
the second conductivity that need to be controlled when 
diffused into the active layers 104A and 104B are limited 
to atoms of one kind, it becomes possible to easily 
suppress the impurity atoms (Be atoms) having the second 
conductivity from being diffused into the active layer 104A 
in the laser resonator inner area, and also to easily 
control the peak wavelength in photoluminescence of the 
active layer 104B in the area near the laser resonator end 
face. Consequently, it becomes possible to improve the 
long-term reliability and also to easily reduce the driving 
current, at the time of high-output driving operations. 
[ 0102 ] In the semiconductor laser device of the present 
embodiment, with respect to the impurity atoms having the 
second conductivity contained in the second clad layers of 
the second conductivity type (the p-type Al^GUyln^P second 
clad layer 105 and the p-type Al^Gayln^P third clad layer 
107) in the area near the laser resonator end face as well 
as in the laser resonator inner area. Be atoms, which are 
Il-group atoms that have a small diffusion constant among 
AlGaInP-based materials, exert a great diffusion constant 
in the AlGaInP-based material containing As atoms, and have 
a mass number smaller than the mass number of P atoms, are 
adopted; therefore, it is possible to suppress Be atoms 
from being diffused into the active layer in the laser 
resonator inner area and simultaneously to disorder the 
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active layer in the area near the laser resonator end face; 
thus, it becomes possible to reduce the driving current at 
the time of high-output operations. Besides Be, Mg may be 
used, but Be is more preferably used from the viewpoint of 
diffusing suppression with respect to the active layer. 
[0103] In the present embodiment, the SiOj mask 115 is 
formed so as not to irradiate the laser resonator inner 
area with ionized As atoms; however, another film may be 
used with the same effects, as long as it is a dielectric 
film such as SigNb and SiaObN^ (in which a, b and c are not 
less than 1) . 

[0104] In the present invention, the p-type GSyln^P 
intermediate layer 108 in the area near the laser resonator 
end face inside the ridge 114 is selectively removed to 
form the current non-injection area 113; however, another 
current non-inj ection area, obtained by a manufacturing 
method in which the n-type Al^In^P current block layer 109 
formed on the ridge 114 is allowed to remain only in the 
area near the laser resonator end face, may be used, and 
this method also prevents current injection into the window 
area, and reduces reactive current that does not contribute 
to light emission so that the same effects as described 
above are obtained. 

<Second Embodiment> 

[0105] With respect to the semiconductor laser device of 
the present invention described in the first embodiment, 
the present embodiment discusses a relationship between the 
As atom concentration and the wavelength shift amount in 
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the window area with respect to the wavelength of the 
active area in the p-type Al^Gayln^P second clad layer 105 
that is the second clad layer of the second conductivity 
type in the area near the laser resonator end face. 

[ 0106 ] In the manufacturing method described in the 
first embodiment, the quantity of irradiation (quantity of 
dose) of ionized As atoms is changed so as to set the As 
atom concentration in the p-type Al^Gayln^P second clad 
layer 105 that is the second clad layer of the second 
conductivity type in the area near the laser resonator end 
face to respective values of 1 x 10^’cm'^, 5 x 10^’cm'^, 1 x 

10^®cm'^, 5 X 10^®cm”^, 1 x 10^®cm"^, 5 x 10^®cm'^, 1 x 10^°cm'^, 5 

X 10^°cm"^ and 1 x lO^^cm"^, so that the surface of each of p- 
type Gayln^P intermediate layers 108 forming the areas near 
the laser resonator end faces for nine sheets of wafers is 
irradiated with ionized As atoms under the above-mentioned 
nine conditions. 

[ 0107 ] With respect to each of the nine wafers, by using 
known photolithography technique and etching technique, the 
p-type Gayln^P intermediate layer 108 and the p-type 
AljjGayln^P third clad layer 107 are formed into a striped 
ridge 114 having a width of about 3 pm. 

[ 0108 ] Thereafter, under conditions at a growth 
temperature of 500°C with a growth time of 2 hours, each of 
the nine sheets of wafers was subjected to the second MBE 
process so that the side faces of the ridge 114 made of the 
p-type Al^Gayln^P third clad layer 107 and the p-type Gayln^P 
intermediate layer 108 were buried with an n-type Al^In^P 
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current block layer 109. At this time. As atoms were 
diffused to the p-type Alj^GSyln^P second clad layer 105 in 
the area near the laser resonator end face having the As 
atom diffusion source formed therein. 

[ 0109 ] With respect to one portion of each of the nine 
sheets of wafers that had been subjected to the second MBE 
growth, the respective wavelengths of the MQW active layer 
(window area) 104B in the area near the laser resonator end 
face and the MQW active layer (active area) 104A of the 
laser resonator inner area were measured by a PL method. 

As a result, in the case when the As atom concentration in 
the p-type Al^Gayln^P second clad layer 105 that is the 
second clad layer of the second conductivity type in the 
area near the laser resonator end face is in a range of not 
less than 1 x lO^^cm”^ to not more than 1 x 10^°cm"^, no 
wavelength shift is found in with respect to the light- 
emitting spectrum from the active area 104A; however, in 
the case of the wafers in which the As atom concentration 
in the p-type Al^Gayln^P second clad layer 105 that is the 
second clad layer of the second conductivity type in the 
area near the laser resonator end face is set to 5 x 10^“cm' 

^ and 1 X lO^^cm”^, the light-emitting spectrum from the 
window area 104B is wavelength-shifted toward the long 
wavelength side with respect to the light-emitting spectrum 
from the active area 104A. 

[ 0110 ] Thereafter, under conditions of a growth 
temperature of 600°C with a growth time of 2 hours, the 
third MBE process was carried out so that a p-type GaAs 
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contact layer 110 was formed. 

[ 0111 ] With respect to one portion of each of the nine 
sheets of wafers that had been subjected to the third MBE 
growth, the respective wavelengths of the MQW active layer 
(window area) 104B in the area near the laser resonator end 
face and the MQW active layer (active area) 104A of the 
laser resonator inner area were measured by a PL method. 
[ 0112 ] Fig. 5 shows the relationship between the As atom 
concentration and the wavelength shift amount in the window 
area with respect to the wavelength of the active area in 
the p-type Al^Gayln^P second clad layer 105 that is the 
second clad layer of the second conductivity type in the 
area near the laser resonator end face. In this case, the 
concentration of impurity atoms (Be atom) having the second 
conductivity that are contained in the p-type Al^Gayln^P 
second clad layer 105 and the p-type Al^Gayln^P third clad 
layer 107 that are the second clad layers of the second 

conductivity type is set to 2 x 10^®cm'^, and all the 
wavelengths in the window area are shifted toward the 
short-wavelength side with respect to the wavelength in the 
active area. The axis of ordinates of Fig. 5 indicates the 
wavelength shift amount (nm) of the window area with 
respect to the wavelength in the active area, and the axis 
of abscissas thereof indicates the As atom concentration 
(cm‘^) in the p-type Al^Gayln^P second clad layer 105. 

[ 0113 ] As shown in Fig. 5, in a range of the As atom 

concentration of not less than 1 x 10“cm’^ to not more than 
1 X 10^°cm"^ in the p-type Al^Gayln^P second clad layer 105, 




40 



the wavelength in the window area is shifted toward the 
short wavelength side by not less than 30 niti with respect 
to the wavelength in the active area. The reason for this 
is explained as follows: As the amount of mixture of As 
atoms in the semiconductor layer formed by an AlGaInP-based 
material increases, the diffusion rate of Be atoms that are 
Il-group atoms having a mass number smaller than that of P 
atom also increases; however, in the case when the As atom 
concentration in the p-type Al^Gayln^P second clad layer 105 

is not more than 1 x 10^®cm"^, the diffusion rate of Be 
atoms that are I I -group atoms abruptly drops and the 
diffusion of Be atoms that are Il-group atoms is not 
accelerated, with the result that the Be atoms do not reach 
the active layer (window area) 104B in the area near the 
laser resonator end face. In the case when the As atom 
concentration in the p-type Al^Gayln^P second clad layer 105 

is not less than 1 x 10^°cm'^, the amount of mixture of As 
atoms in the MQW active layer (window area) 104B near the 
laser resonator end face abruptly increases to form an 
InGaAsP-based MQW active layer having a very large peak 
wavelength in photoluminescence so that Be atoms are 
sufficiently diffused in the active layer (window area) 

104B in the area near the laser resonator end face; 
therefore, even when the active layer is disordered, the 
peak wavelength in photoluminescence of the active layer 
(window area 104B) in the area near the laser resonator end 
face is not made sufficiently smaller than the peak 
wavelength in photoluminescence of the active layer (active 
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area 104A) in the laser resonator inner area. 

[ 0114 ] By using the manufacturing method described in 
the first embodiment, nine kinds of semiconductor laser 
devices were manufactured with the As atom concentration in 
the p-type Al^Gayln^P second clad layer 105 that is the 
second clad layer of the second conductivity type in the • 
area near the laser resonator end face being set to 
respective values of 1 x lO^’cm’^, 5 x 10^’cm"^, 1 x 10^®cm'^, 5 

X 10^®cm'^, 1 X lO^^cm"^, 5 x lO^^cm"^, 1 x 10^°cm”^, 5 x 10^°cm'^ 

and 1 X lO^^cm'^, and with respect to these semiconductor 
laser devices, the maximum light output tests were 
conducted. 

[ 0115 ] As a result, in the case of the five kinds of 
semiconductor devices that were manufactured so as to be 
set in the range of not less than 1 x 10^®cm'^ to not more 
than 1 X 10^°cm“^, with the wavelength in the window area 
being shifted toward the short wavelength side by not less 
than 30 nm with respect to the wavelength of the active 
area, these semiconductor devices were free from COD even 
under a light output of not less than 300 mW; however, in 
the case of the four kinds of semiconductor devices that 
were manufactured to be set to not more than 5 x lO^^cm"^ as 
well as to not less than 5 x 10^°cm"^, these semiconductor 
devices caused COD on the resonator end face under a light 
output of not more than 150 mW. 

[0116] Based upon these facts, the above-mentioned 
semiconductor laser device is preferably designed to have 
an As atom concentration in the p-type Al^Gayln^P second 
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clad layer 105 that is the second clad layer of the second 
conductivity type in the area near the laser resonator end 
face in a range of not less than 1 x 10^®cm"^ to not more 
than 1 X 10^“cm‘^; thus, the peak wavelength in 
photoluminescence of the active layer (window area 104B) in 
the area near the laser resonator end face can be made 
sufficiently smaller than the peak wavelength in 
photoluminescence of the active layer (active area 104A) in 
the laser resonator inner area, thereby making it possible 
to provide a semiconductor laser element that is free from 
COD, 

<Third Embodiment> 

[0117] With respect to the semiconductor laser device of 
the present invention described in the first embodiment, 
the present embodiment discusses the impurity atom (Be 
atom) concentration having the second conductivity, 
contained in the p-type Al^Gayln^P second clad layer 105 and 
the p-type Al^Gayln^P third clad layer 107 that are the 
second clad layers of the second conductivity type. 

[0118] In the manufacturing method described in the 
first embodiment, on seven sheets of n-type GaAs substrates 
101 were successively formed respective layers of 102 to 
108 through epitaxial growth by using an MBE method so as 
to set the concentration of impurity atoms (Be atoms) 
having the second conductivity in the p-type Al^Gayln^P 
second clad layer 105 and the p-type Al^Gayln^P third clad 
layer 107 that are the second clad layer of the second 
conductivity type to each of seven values of 5.0 x lO^’cm’^, 
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7.5 X 1 X 10^®cm'^, 2.5 x 10^® cm'^, 5 x 10^®cm'^, 7.5 x 

10^® cm'^ and 1 x 10^®citi"®. 

[ 0119 ] A striped SiOj mask 115 is formed on each of the 
laser resonator inner areas of the seven wafers so as not 
to be irradiated with ionized As atoms, and the area near 
the laser resonator end face is then irradiated with 
ionized As atoms. 

[ 0120 ] With respect to each of the seven wafers, by 
using known photolithography technique and etching 
technique, the p-type Gayln^P intermediate layer 108 and 
the p-type Al^Gayln^P third clad layer 107 are formed into a 
striped ridge 114 having a width of about 3 pm. 

[ 0121 ] Thereafter, under conditions at a growth 
temperature of 500°C with a growth time of 2 hours, each of 
the seven sheets of wafers was subjected to the second MBE 
process so that the side faces of the ridge 114 made of the 
p-type Al^Gayln^P third clad layer 107 and the p-type Gayln^P 
intermediate layer 108 were buried with an n-type Al^In^P 
current block layer 109. At this time. As atoms were 
diffused to the p-type Alj^GSyln^P second clad layer 105 in 
the area near the laser resonator end face having the As 
atom diffusion source formed therein. 

[ 0122 ] With respect to one portion of each of the seven 
sheets of wafers, the respective wavelengths of the MQW 
active layer (window area) 104B in the area near the laser 
resonator end face and the MQW active layer (active area) 
104A of the laser resonator inner area were measured by a 
PL method. As a result, at this time, the light-emission 
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spectrum from the window area 104B was not wavelength- 
shifted with respect to the light-emission spectrum from 
the active area 104A. 

[0123] Thereafter, under conditions of a growth 

temperature of 600°C with a growth time of 2 hours, the 
third MBE process was carried out so that a p-type GaAs 
contact layer 110 was formed. 

[0124] With respect to one portion of each of the seven 
sheets of wafers that had been subjected to the third MBE 
growth, the respective wavelengths of the MQW active layer 
(window area) 104B in the area near the laser resonator end 
face and the MQW active layer (active area) 104A of the 
laser resonator inner area were measured by a PL method. 

As a result, in the five kinds of wafers in which the 
concentration of impurity atoms (Be atoms) having the 
second conductivity in the p-type Al^Gayln^P second clad 
layer 105 and the p-type Al^Gayln^P third clad layer 107 
that are the second clad layers of the second conductivity 
type is not less than 1 x I0^®cm'^, the wavelength in the 
window area was shifted toward the short wavelength side by 
not less than 30 nm with respect to the wavelength in the 
active area. 

[0125] The reason for this is explained as follows: when 
the concentration of impurity atoms (Be atoms) having the 
second conductivity in the p-type Al^Gayln^P second clad 
layer 105 and the p-type Al^Gayln^P third clad layer 107 
that are the second clad layers of the second conductivity 
type is not less than 1 x 10^®cm'^, 



Be atoms are 
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sufficiently diffused in the active layer (window area) 

104B in the area near the laser resonator end face so that 
the active layer is disorderd; therefore, the peak 
wavelength in photoluminescence of the active layer (window 
area 104B) in the area near the laser resonator end face 
becomes smaller than the peak wavelength in 

photoluminescence in the active layer (active area 104A) in 
the laser resonator inner area. 

[0126] By using the manufacturing method described in 
the first embodiment, seven kinds of semiconductor laser 
devices were manufactured with the concentration of 
impurity atoms (Be atoms) having the second conductivity in 
the p-type Al^Gayln^P second clad layer 105 and the p-type 
Al^Gayln^P third clad layer 107 that are the second clad 
layers of the second conductivity type being set to 
respective values of 5.0 x lO’^^cm'^, 7.5 x lO^^cm"^, 1 x 
10"®cm'% 2.5 X 10"®cm’% 5 x 10^®cm‘% 7.5 x 10"®cm‘^ and 1 x 
lO^^cm”^, and measurements were carried out on 
characteristics of these semiconductor laser devices. 

[0127] The results show that in the five kinds of 
semiconductor laser devices in which the concentration of 
impurity atoms (Be atoms) having the second conductivity in 
the p-type Al^Gayln^P second clad layer 105 and the p-type 
Al^Gayln^P third clad layer 107 that are the second clad 
layers of the second conductivity type is set to not more 

than 5 x 10^®cm'^, the driving current (lop) at CW 50 mW is 
not more than 120 mA. The results of maximum light output 
tests show that, in the five kinds of semiconductor laser 
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devices -in which the concentration of impurity atoms (Be 
atoms) having the second conductivity in the second clad 
layers 105, 107 of the second conductivity type is set to 

not less than 1 x 10^® cm"^, with the wavelength in the 
window area being shifted toward the short wavelength side 
by not less than 30 nm with respect to the wavelength in 
the active area, these semiconductor laser devices are free 
from COD even under a light output of not less than 300 mW. 
[0128] Based upon these facts, the above-mentioned 
semiconductor laser device is preferably designed to have a . 
concentration of impurity atoms (Be atoms) having the 
second conductivity in the p-type Al^Gayln^P second clad 
layer 105 and the p-type Al^Gayln^P third clad layer 107 
that are the second clad layers of the second conductivity 
type in a range of not less than 1 x 10^®cm”® to not more 
than 5 x 10^®cm“^; thus, it is possible to achieve a 
disordered state by diffusing the impurity atoms (Be atoms) 
having the second conductivity to the active layer (window 
area 104B) in the area near the laser resonator end face 
and also to achieve suppression in diffusion of the 
impurity atoms (Be atoms) having the second conductivity 
into the active layer (active area 104A) in the laser 
resonator inner area. Therefore, it becomes possible to 
reduce the driving current at the time of high output, and 
consequently to provide a semiconductor laser device which 
is superior in the long-term reliability, and free from COD. 

<Fourth Embodiment> 

[0129] Fig. 6 is an explanatory drawing that shows a 
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structure of a semiconductor laser device in accordance 
with the fourth embodiment of the present invention. In 
Fig. 6, Fig. 6(a) shows a perspective view including a 
light-outgoing end face. Fig. 6(b) shows a cross-sectional 
view of a waveguide path in the layer thickness direction, 
taken along line la-Ia' of Fig. 6(a), and Fig. 6(c) shows a 
cross-sectional view in the layer thickness direction taken 
along line Ib-Ib' of Fig. 6(a) . Reference numeral 201 is 
an n-type GaAs substrate, 202 is an n-type Gayln^P buffer 
layer (in which y and z are respectively set from not less 
than 0 to not more than 1; hereinafter, this description is 
omitted) , 203 is an n-type Al^Gayln^P first clad layer (x, y 
and z are respectively set from not less than 0 to not more 
than 1; hereinafter, this description is omitted), 204 is 
an active layer (MQW active layer) in which a multiplex 
quantvim well structure, formed by alternately stacking 
barrier layers and well layers, is sandwiched by light 
guide layers, 205 is a p-type Al^Gayln^P second clad layer, 
206 is a p-type etching stop layer, 207 is a p-type 
Al^Gayln^P third clad layer made of ridge stripes aligned in 
the resonator direction, 208 is a p-type Gayln^P 
intermediate layer, 209 is an n-type Al^In^P (in which x 
and z are respectively set from not less than 0 to not more 
than 1; hereinafter, this description is omitted) current 
block (constriction) layer that is formed in a manner so as 
to bury the side faces of the p-type Al^Gayln^P third clad 
layer made of ridge stripes, 210 is an n-type GaAs current 
non-injection layer, 211 is a p-type GaAs contact layer. 
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212 is a p-side electrode and 213 is an n-side electrode. 
[ 0130 ] In Fig. 6, reference numeral 204A is an MQW 
active layer (active area) inside a laser resonator, 204B 
is an area (window area) in which the peak wavelength in 
photoluminescence in the MQW active layer near a laser 
resonator end face is smaller than the peak wavelength in 
photoluminescence in the MQW active layer 204A inside the 
laser resonator, 214 is a striped ridge consisting of the 
p-type Al^Gayln^P third clad layer 207 and the p-type Gayln^P 
intermediate layer 208. The MQW active layer 204 is 
constituted by four laminated well layers, that is, a well 
layer Gayln^P (y = 0.51, z = 0.49) (layer thickness 50A) 
and a barrier layer Al^Gayln^P (x = 0.26, y = 0.25, z = 

0.49) (layer thickness 50A) . 

[ 0131 ] Referring to Fig. 7, the following description 
will discuss the manufacturing method. On the n-type GaAs 
substrate 201 (carrier concentration 2 x 10^®cm"^) , the 
following layers are successively formed by a molecular 
beam epitaxy (MBE) method (see Fig. 7 (a) ) : the n-type 
GSyln^P buffer layer 202 (carrier concentration 1 x 10^®cm‘^) 
(y = 0.51, z = 0.49) (layer thickness about 0.2 |im) , the n- 
type AljjGayln^P first clad layer 203 (carrier concentration 
1 X 10^®cm'^) (x = 0.36, y = 0.15, z = 0.49) (layer 
thickness about 2 pm) , the MQW active layer 204, the p-type 
Al^Gayln^P second clad layer 205 (carrier concentration 2 x 
10^®cm'®) (x = 0.36, y = 0.15, z = 0.49) (layer thickness 
about 0.2 pm), the p-type etching stop layer 206, the p- 
type Al^GSyln^P third clad layer 207 (carrier concentration 
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2 X 10^®cin'^) (x = 0.36, y = 0.15, z = 0.49) (layer 
thickness 1.2 |xrti) and the p-type Gayln^P intermediate layer 
208 (carrier concentration 1 x 10^®cm"^) (y = 0.51, z = 

0.49) (layer thickness about 0.05 |jjn) . At this time. Si 
atoms are contained in the respective layers 201 to 203, 
and Be atoms, which are Il-group atoms having the p-type 
conductivity, are contained in the respective layers 205 to 
208 . 

[0132] Thereafter, by using a known photolithography 

technique, a striped resist mask extending in a direction 
perpendicular to the laser resonator end face is formed on 
the surface of the p-type Gayln^P intermediate layer 208, 
and by using a known etching technique, the p-type Gayln^P 
intermediate layer 208 and the p-type Al^Gayln^P third clad 
layer 207 are formed into a ridge 214 having a striped 
shape with a width of about 3 fjm in a manner so as to reach 
the p-type etching stop layer 206. 

[0133] The striped resist mask formed on the p-type 
Gayln^P intermediate layer 208 is removed. Thereafter, the 
second MBE process is carried out so that side faces of the 
ridge 214 made of the p-type AljjGayln^P third clad layer 207 
and the p-type Gayln^P intermediate layer 208 are buried 
with an n-type Al^In^P current block layer 209 (Fig. 7 (b) ) . 
[0134] Thereafter, by using a known photolithography 
technique, a resist mask is formed on the surface of the n- 
type AljjIn^P current block layer 209 formed on the side 
faces of the ridge 214, and the n-type Al^In^P current 
block layer 209 formed on the ridge 214 of the resist mask 
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opening section is selectively removed by using a known 
etching technique. 

[0135] The resist mask formed on the n-type Al^In^P 
current block layer 210 is removed. Then, by using a known 
photolithography technique, a striped Si02 mask 217 having 
a width of 740 |xm is formed on the surface of the p-type 
Gayln^P intermediate layer 2 08 and the n-type Al^In^P 
current block layer 209 in the laser resonator inner area 
in a direction orthogonal to the ridge stripe, and the 
surface of the p-type Gayln^P intermediate layer 208 and 
the n-type Al^In^P current block layer 209 that form the 
area near the laser resonator end face is irradiated with 
ionized As atoms (Fig. 7 (c) ) . 

[0136] Under conditions at a growth temperature of 500°C 
with a growth time of 1 hour, the third MBE process is 
carried out so that a n-type GaAs current non-injection 
layer 210 is formed on the surface of the p-type Gayln^P 
intermediate layer 208 and the n-type Al^In^P current block 
layer 209 that forms the area near the laser resonator end 
face, and is not covered with the Si02 mask 217 (Fig. 7 (d) ) . 
Thus, it is possible to diffuse As atoms in the area near 
the laser resonator end face, and also to simultaneously 
form the current non-injection layer (area) . 

[0137] The distribution in the depth direction of As 
atoms in the area near the laser resonator end face and the 
laser resonator inner area of the wafer was measured by a 
secondary ion mass spectrometer (SIMS) . The measurements 
were simultaneously carried out on a comparative wafer in 
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which the n-type GaAs current non-injection layer 210 was 
formed in the area near the laser resonator end face 
without irradiating the area near the laser resonator end 
face with ionized As atoms, by using the manufacturing 
method of the above-mentioned embodiment. 

[0138] As a result, in the wafer obtained by the 
manufacturing method of the present embodiment. As atoms 
exist in the respective layers 205 to 208 in the area near 
the laser resonator end face, and the concentration of As 
atoms in each of the layers of 205 to 208 in the area near 
the laser resonator end face is higher in comparison with 
each of the layers of 205 to 208 in the laser resonator 
inner area. However, in the case of the comparative wafer 
in which the area near the laser resonator end face is not 
irradiated with ionized As atoms, although As atoms exist 
in the p-type Gayln^P intermediate layer 208 in the area 
near the laser resonator end face, no As atoms exist in 
each of the layers 205 to 207 in the area near the laser 
resonator end face. 

[0139] Based upon these facts, it is clear that, in 
order to diffuse As atoms in the p-type Al^Gayln^P second 
clad layer 205 and the p-type Al^Gayln^P third clad layer 
207 that are the second clad layers of the second 
conductivity type in the area near the laser resonator end 
face, at least a process for irradiating the area near the 
laser resonator end face of the wafer with ionized As atoms 
is required. 

[0140] By using the above-mentioned manufacturing method. 
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it is positively possible to make the As atom concentration 
in the p-type Al^Gayln^P second clad layer 2 05 and the p- 
type Al^Gayln^P third clad layer 207 that are the second 
clad layers of the second conductivity type in the area 
near the laser resonator end face higher than an As atom 
concentration in the laser resonator inner area. 

[ 0141 ] With respect to one portion of the wafer that had 
been subjected to the third MBE growth, the respective 
wavelengths of the MQW active layer (window area) 204B in 
the area near the laser resonator end face and the MQW 
active layer (active area) 204A in the laser resonator 
inner area were measured by a PL method. As a result, at 
this time, the light-emitting spectrum from the window area 
204B was not wavelength-shifted with respect to the light- 
emitting spectrum from the active area 204A. 

[ 0142 ] Thereafter, the Si02 mask 217, formed on the 
surface of the p-type Gayln^P intermediate layer 208 and 
the n-type Alj^In^P current block layer 209 in the laser 
resonator inner area, was removed, and under conditions of 
a growth temperature of 600°C and a growth time of 2 hours, 
the fourth MBE process was carried out so that a p-type 
GaAs contact layer 211 was formed (Fig. 7(e)) . 

[ 0143 ] The distribution in the depth direction of Be 
atoms in the area near the laser resonator end face as well 
as in the laser resonator inner area inside the ridge of 
the semiconductor laser element of the present embodiment 
obtained by the above-mentioned manufacturing method was 
measured by a secondary ion mass spectrometer (SIMS). 
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[ 0144 ] As a result, there was no diffusion of Be atoms 
into the MQW active layer (active area) in the laser 
resonator inner area. In the MQW active layer (window 
area) 204B in the area near the laser resonator end face. 

Be atoms diffused from the respective layers 205 to 208 
existed . 

[ 0145 ] With respect to one portion of the wafer that had 
been subjected to the fourth MBE growth (formation of the 
p-type GaAs contact layer 211) by using the manufacturing 
method of the semiconductor laser device of the present 
embodiment, the respective wavelengths of the MQW active 
layer (window area) 204B in the area near the laser 
resonator end face and the MQW active layer (active area) 
204A in the laser resonator inner area were measured by a 
PL method. For comparison, in the manufacturing method of 
the semiconductor laser element of the present embodiment, 
in place of the third MBE growth (formation of the n-type 
GaAs contact layer 210) , an annealing process was carried 

out for one hour at a substrate temperature of 500°C, and 
the p-type GaAs contact layer 211 was then subjected to an 
MBE growth. With respect to one portion of the comparative 
wafer, the respective wavelengths of the MQW active layer 
(window area) in the area near the laser resonator end face 
and the MQW active layer (active area) in the laser 
resonator inner area were measured. 

[ 0146 ] As a result, in the case of the comparative wafer 
having no n-type GaAs current non-injection layer 210 
formed thereon, the light-emitting spectrum from the window 
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area is wavelength-shifted toward the short wavelength side 
by 20 nm from the light-emitting spectrum from the active 
area; in contrast, in the case of the wafer having the n- 
type GaAs current non-injection layer 210 formed thereon, 
provided by using the manufacturing method of a 
semiconductor laser element of the present embodiment, the 
light-emitting spectrum from the window area 204B was 
wavelength-shifted toward the short wavelength side by 40 
nm from the light-emitting spectrum from the active area 
204A. 

[0147] The reason for this is explained as follows: the 
area near the laser resonator end face is irradiated with 
ionized As atoms, and the n-type GaAs current non-injection 
layer 210 is then formed over the p-type Al^Ga^In^P second 
clad layer 205 and the p-type Al^Gayln^P third clad layer 
207 that form the second clad layers of the second 
conductivity type in the area near the laser resonator end 
face so that the As atom concentration in the p-type 
Al^Gayln^P second clad layer 205 and the p-type Al^Gayln^P 
third clad layer 207 that form the second clad layers of 
the second conductivity type in the area near the laser 
resonator end face is set to a high level, with the result 
that the impurity atoms (Be atoms) having the second 
conductivity, contained in the p-type Al^Gayln^P second clad 
layer 205 and the p-type Al^Gayln^P third clad layer 207 
that are the second clad layers of the second conductivity 
type, are diffused in an accelerating manner. 

[0148] Based upon these facts, by using processes in 
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which the area near the laser resonator end face is 
irradiated with ionized As atoms and the n-type GaAs 
current non-injection layer 210 is then formed over the p- 
type Al^Gayln^P second clad layer 205 and the p-type 
Al^Gayln^P third clad layer 2 07 that form the second clad 
layers of the second conductivity type in the area near the 
laser resonator end face, it becomes possible to make the 
peak wavelength in photoluminescence of the active layer 
(window area 204B) in the area near the laser resonator end 
face sufficiently smaller than the peak wavelength in 
photoluminescence of the active layer (active area 204A) in 
the laser resonator inner area. 

[0149] A p-electrode 212 is formed on the top face of 
the wafer, and an n-electrode 213 is formed on the bottom 
face thereof. Then, a scribe line is formed virtually in 
the center of the area near the laser resonator end face 
having a width of 60 |xm so that it is divided into bars 
with the length of the resonator, and light-outgoing faces 
on both of the sides of each bar are coated with reflection 
layers; further, this is divided into chips so that a 
semiconductor laser device having a window area of about 30 
|om and a current non-injection area formed on the laser 
resonator end face of a resonator having a length of 800 pm 
is manufactured. The characteristics of the semiconductor 
laser device obtained by the manufacturing method of the 
present embodiment were measured. 

[0150] For comparison, a semiconductor laser device 

which had a current non-injection area formed by 
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selectively removing the p-type Gayln^P intermediate layer 
from the area near the laser resonator end face, and was 
formed by the manufacturing method of the first embodiment, 
was also prepared, and the characteristics of this 
semiconductor laser device were simultaneously measured. 
[0151] The results show that the oscillating frequency 

(X) at CWSOmW of the semiconductor laser device of the 
present embodiment and the semiconductor laser device of 
the first embodiment is 655 nm, the driving current (lop) 
at CW50mW of the semiconductor laser device of the present 
embodiment is 90 mA and the driving current (lop) at CW50mW 
of the semiconductor laser device of the first embodiment 
is 100 mA. 

[0152] As the results of maximum light output tests, the 
semiconductor laser device of the present embodiment and 
the semiconductor laser device of the first embodiment are 
found to be free from COD even at a light output of not 
less than 300 mW. When these were subjected to reliability 
tests of 50 mW at 70°C, the average service life of the 
semiconductor laser device of the present embodiment was 
improved to 3,000 hours, as compared with the average 
service life of 2,000 hours in the semiconductor laser 
device of the first embodiment. Thus, it is clear that the 
semiconductor laser device of the present embodiment makes 
it possible to reduce the driving current and also to 
improve the long-term reliability. 

[0153] In the semiconductor laser element of the present 

embodiment, the heat energy to be applied to the 
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semiconductor laser element after the irradiation of 
ionized As atoms onto the wafer up to the formation of the 
p-type GaAs contact layer 211 (the third MBE growth at a 
growth temperature of 500°C with a growth time of 1 hour, 
the fourth MBE growth at a growth temperature of 600°C with 
a growth time of 2 hours) is reduced in comparison with the 
case in which the manufacturing method of the first 
embodiment (the second MBE growth at a growth temperature 
of 500°C with a growth time of 2 hours, the third MBE 
growth at a growth temperature of 600°C with a growth time 
of 2 hours) ; therefore, it is possible to further suppress 
impurity atoms (Be atoms) that have the second conductivity 
and are contained in the second clad layers 205 and 207 of 
the second conductivity type in the laser resonator inner 
area from diffusing into the active layer (active area 
204A) in the laser resonator inner area, and consequently 
to achieve a reduced current in the driving current. The 
reduced driving current makes it possible to suppress an 
increase in the device temperature of the semiconductor 
laser device at the time of a high-output driving operation, 
and consequently to improve the long-term reliability in 
high-output driving operations. 

[ 0154 ] In the present embodiment, the Si02 mask 217 is 
formed so as not to irradiate the laser resonator inner 
area with ionized As atoms; however, another film may be 
used with the same effects, as long as it is a dielectric 
film such as SiaNj, and SiaO^Nc (in which a, b and c are not 
less than 1 ) . 
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[0155] In the present invention, the n-type GaAs current 
non-injection layer 210 is formed on the surface of the p- 
type Gayln^P intermediate layer 2 08 and the n-type Al^In^P 
current block layer 209 that form the area near the laser 
resonator end face; however, another arrangement in which 
the p-type Gayln^P intermediate layer 208 in the area near 
the laser resonator end face inside the ridge 214 is 
selectively removed, and the n-type GaAs current non- 
injection layer 210 is then formed may be used, and since 
this arrangement also prevents a current injection into the 
window area and reduces a reactive current that does not 
contribute to light emission, the same effects as described 
above can be obtained. 

[0156] In accordance with the present invention, it 

becomes possible to make the peak wavelength in 
photoluminescence of the active layer in the area near the 
laser resonator end face smaller than the peak wavelength 
in photoluminescence of the active layer in the laser 
resonator inner area; consequently, it becomes possible to 
provide a semiconductor laser device (AlGalnP based device) 
which is superior in the long-term reliability at the time 
of high-output driving operations, and free from COD. 




